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Abstract 
The presence of ever higher contents of CO 2 and H 2S in natural gas resources presents significant economic challenges for their 
development and commercialization  and for the safe disposal of CO 2 and acid gases.  They share some of the same challenges 
faced in capturing CO 2 from flue gas.  In fact, conventional natural gas treating technologies have been suggested to treat flue 
gas.  CFZ™ is a cryogenic distillation process for th e single step removal of CO2 and H 2S from natural gas.  It is capable of 
advantageously handling natural gases with a wide range of CO 2  and H 2S content. 
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1. Introduction 
There is a great number of "subquality ," non -associated natural gas resources  distributed across the world.  These 
gas resources are  contaminated with varying amounts of N2, H2S and CO 2, and many of the m are contained in 
reservoirs offshore.  There is an ongoing search for technologies to economically produce and process these reserves 
to help supply the growing demand for natural gas , as it emits less CO2 than coal on an equivalent heat basis.  A key 
economic driver in this effort  is the cost to separate and re-inject the acid gas components.  While several  process 
options exist to separate these  components, nearly all of them reject the H 2S and CO2 as low pressure vapors , 
thereby leading to high recompression costs for re -injection.  
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An example of one such set of separation technologies is the family of "solvent processes."  As the name implies, 
liquid solvents are used to absorb the acidic components (H 2S and CO 2) from the natural gas.  The schematic i n  
Figure 1 illustrates how clean solvent flows downward through an absorber column, where it contacts upward -
flowing gas.  In the case of chemical solvents like aqueous amines, the acid gases react with the basic amine to form 
amine salts.   As the solvent  flows downward, it picks up more acid gas and becomes richer in these impurities.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Schematic of chemical solvent process.  
 
Conversely, the gas becomes leaner in acidic contaminants as it moves up the column.  Amines are e ffective at 
removing acid gases to typical natural gas pipeline specifications of maximum 4 ppm H2S and 2% CO2.  They can 
even meet the more stringent CO2 specification of a liquefied natural gas plant, i.e. 50 ppm.  The chemical solvents 
are regenerated v ia reduction of pressure and addition of heat.  While the absorption step typically occurs at 800 -
1000 psig, regeneration takes place at 15 -20 psig.  This is adequate for H 2S disposal by subsequent conversion to 
elemental sulfur in a Claus sulfur recovery process , but not a very god option for CO2 disposal.  Substantial energy is 
required to raise the pressure of CO2 (or the full CO2/H2S acid gas stream) to 2000 psig or more if  
injection/sequestration  is chosen .  Also, thermal energy must be added to the sol vent to raise its temperature to 260-
285°F, break the chemical bonds associated with the amin e salts, plus generate stripping steam to remove the acid 
gases from the rich solvent.  The energy penalty  is proportional to the  amount of acid gas removed.  Cons equently, 
chemical solvents are usually limited to acid gas contents of about 10% or less of the raw natural gas.  
Aqueous amines like monoethanol amine (MEA)  solutions  have been piloted for CO2 removal from flue gas.   
Because of the chemical reaction, amin es are able to remove a significant portion of the CO2, even though its partial 
pressure in flue gas is quite low.  As is  the case for natural gas treating, the CO 2 comes off the regenerator at 
relatively low pressure, and large amounts of heat are required to regenerate the solvent.  
Physical solvents , like refrigerated methanol,  do not rely on chemical reaction of the solvent with the acid gases.  
The physical affinity of the solvent for the acid gases drives the absorption.  As such, physical  solvents gen erally 
require higher partial pressures of acid gases to be effective.   The schematic for the process looks similar to that of 
the chemical solvent process, though more flash stages may be involved.  The benefit is lower thermal energy 
requirement, plus some of the acid gas is released at higher pressure, thus reducing compression requirem ents for 
the case of acid gas injection.  Physical solvents are suitable for acid gas concentrations above 10%, or when the 
partial pressure of the acid gas is at least 50 psig.  This is why they are not generally suitable for flue gas CO 2 
capture.  Heavy hydroc arbon co -absorption is an issue for physical solvents in natural gas treating applications.  
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Other processes , like membranes, are also available for natural gas treat ing.  However, most of these processes 
release the acid gases at low pressure, which is a problem if these contaminants constitute a large fraction of the raw 
natural gas  and require reinjection . 
 
2.  An alternative technology 
Cryogenic distillation is commonly used for gas separations, such as ethane rejection from natural gas, or oxygen 
separation from air.  In distillation, t he less volatile components are concentrated in the liquid phase exiting the 
column, while the light components are released at the top of the column as a gas .  Both top and bottoms products 
are available at the column pressure.  For the separation of H2S and CO2 from natural gas , the acid gas components 
would be concentrat ed in the bottoms liquid efflu ent, which then could be  easily  pum ped to re -injection pressure, 
while the hydrocarbon overhead gas product would be available at high pressure as well . However, the presence of 
CO2 in natural gas makes normal cryogenic distillation impossible, as CO2 forms a solid phase if it is present in  
concentrations exceeding a few mole per cent.  
A number of schemes have been proposed or employed to circumvent the CO2 freezing problem [1-6]. However, 
all of these schemes  require at least one extra processing step that rejects much of the CO 2-rich stre am as a low-to -
moderate pressure gas.  In the mid -1980's, Exxon developed a process that addresses the CO 2 freezing problem 
without the use of extra processing steps --  the Controlled Freeze ZoneTM or CFZ TM process.   
The fundamental CFZ concept is not to  suppress or avoid CO2 freezing, but to control and confine it to a section  
of a distillation column specially designed to handle it [7].  A sketch of such a column is shown in Figure2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Schematic of CFZ 
  
The major unique featu re of the CFZ is the design of the open section shown in the middle of the column. Vapor 
flows up through the open section of the column, where it is contacted with cold liquid that has been sprayed 
through nozzles.  CO2 freezes out while the methane in th e cold liquid is vaporized.  The enriched methane vapor 
flows up through the rectification section of the column, where it is further purified to pipeline sales (2% CO2) or 
LNG feed (50 ppm CO2) specifications .   As the CO2 freezes out in  the open section of the column, it falls  down 
onto the melt tray. The melt tray is  kept above the solidification temperature of CO2 by heating  it from below with 
warm vapor rising from the stripping section of the column. From the melt tray, the liquid flows to the stripping 
section.  
While the CFZ technology was originally conceived for CO 2 freezing from natural gas streams, the concept has 
been extended to any distillation where a solid is formed [8].  
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One advantage of the CFZ process is that essentially all sul fur-containi ng compounds, including H2S, COS, and 
mercaptans, end up with the CO 2 in the liquid at the bottom of the column.  However, the heavier hydrocarbons 
(C2+) will also concentrate in the liquid CO2/H2S waste stream. From a practical standpoint, the heavier 
hydrocarbons will generally be in the C 2-C4 range since typical upstream processing will remove the vast majority 
of the C 5+ hydrocarbons.  Should the C 2-C4 hydrocarbons be present in sufficient  quantities and a market exist  to 
warrant their production , they must be recovered in a separate process step.  However, there are a number of 
potential applications in which this is not the case .  One example is fields with low concentrations of C2+ 
hydrocarbons, such as the LaBarge field in Wyoming.  Another example i s application to an enhanced oil recovery 
(EOR) operation in which the C2-C4 hydrocarbons may be more valuable as an injectant than as a separate product.  
 
3. Earlier pilot plant experience  
Exxon operated a CFZ distillation pilot (Figure 3) at the Clear Lake  gas plant in 1986, the results of which were 
present ed elsewhere [9].  Briefly, feed rates varied from 200 -600 kcf/d, and CO2 concentrations varied from 15 to 
65% in the feed gas.  The 18" diameter, 90' tall column was operated for several weeks at a nomi nal pressure of 600 
psig.  While it was designed to achieve pipeline quality product, its overhead gas stream not only met pipeline 
quality, but approached LNG feed quality by reducing its CO2 content to a few hundred parts per million . Methane 
losses in t he bottom stream were targeted for 1% but better performance of as low as 0.5% was achieved.  
 
Figure 3.  Photograph of CFZ pilot facility at Clear Lake.  
 
The Clear Lake Pilot Plant operations were very successful at demonstrating the concept of controlled  freezing 
and re-melting of CO2 and provided valuable operating and design information .  
4. Renewed interest  
In the late 1980’s , a number of internal studies pointed to potential 10-25% cost savings for CFZ as compared to 
other process options for treating st reams with significant amounts of CO2.  For example, an earlier case study [10] 
showed 18% capital cost savings and 6% higher revenue for an integrated CFZ/NRU (ni trogen rejection unit) design 
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versus  one using a physical solvent for CO2 removal for a feed with 60% CO2, 10% N2, and 30% CH4.  Demand for 
natural gas was met , however,  by the development of reservoirs without high levels of CO2 which were  more 
economically attractive.  
Interest for CFZ has increased over the last few years.  One reason is the de veloping shortage of natural gas 
which is  leading to the to reconsider ation of development of “compositionally challenged” resources.  Another is 
that acid gas injection (AGI) is becoming more common as a way to dispose of the H 2S and CO2 removed in gas 
processing operations.  This is being driven by the saturation or lasting uncertainty of some sulfur  markets , the 
growing interest in CO2 sequestration, and the increasing acceptance of AGI as a viable disposal method.  Another 
driver is the increasingly tight sulfur regulatory environment that requires more removal of the COS and mercaptans 
in addition to the H 2S.  
Since CFZ is  a simpler technology  involving fewer processing steps, the equipment count is lower than that of 
other processes.  Consequently, the capital expenditure (CAPEX) is lower than that for other technol ogies.  
Additional savings are  derived from lower weight and smaller footprint for offshore applications.  
Figure 4 shows an example process flow diagram (PFD) for the integrated CFZ/AG I process considered for a 
sour gas project .  The process is fairly simple.  The raw gas is first dehydrated, then cooled through a series of heat 
exchangers and chillers.  Depending on the available gas pressure, the stream may be expanded prior to entry into 
the CFZ distillation column.  In general, colder feed streams yield more efficient processes.    
 
 
Figure 4.  Simplified Process Flow Diagram of the integrated CFZ/AGI process.  
 
The liquid acid gas stream is reboiled so that less than 1% of methane remains.  This stream can be used to pre -
cool the incoming gas, if desired.  The stream can then be pumped to the desired disposal pressure.  The hydrostatic 
head associated with the dense fluid in the disposal well can substantially reduce the wellhead pressure re quirement.  
At the top of the distillation column, the reflux rate is adjusted such that the desired H 2S/CO2 concentration is met 
overhead. In cases where H2S is present, the 4 ppm pipeline spec will typically drive the reflux and rectification tray 
require ment. If LNG -spec gas is required, the overhead CO 2 concentration will drive the reflux / tray requirement.  
Since CFZ is a cryogenic process, water vapor in the feed stream must be removed to low enough levels to 
prevent blockages from hydrates and ice.  As with most cryogenic processes, refrigeration is the main energy 
requirement for CFZ. Thus, different options have been considered for providing the cold energy to the process.  For 
example, the process gas and reflux streams can be cooled to required temp eratures by a series of propane and 
ethylene-cascaded chillers.  Alternatively, an open-loop refrigeration can be used for chilling and liquefying the 
<1% CH 4 
Raw Gas  
Chiller 
Expander 
(Optional) 
Sales  
Gas  
Liquid Acid Gas to disposal  
Aerial 
Cooler 
Reflux/Sales 
 Co mp 
Spray  Pump CFZ Tower 
Dehydration  
Cross  
Exchanger 
CFZ Tower 
Reboiler 
P.S. Northrop, J.A. Valencia / Energy Procedia 1 (2009) 171–177 175
6 Author name / Energy Procedia 0 0 (2008) 000 –000 
overhead gas to temperatures that would normally require ethylene refrigeration [1 1].  In general, there is a trade -off 
between heat exchanger area and compressor horsepower.  
 
5. Commercial demonstration  
Given the renewed interest and increasing need to process highly sour gas and to geosequester the associated 
CO2, a CFZ  commercial demonstration project (CDP ) is underway to 1) enable the effective and efficient scale -up 
of this technology to facilities capable of processing up to a billion stand ard cubic feet per day (SCFD), 2) field 
verify post -pilot plant enhancements and extensions of  the  range of applicabil ity, and 3) continue to expand the 
technology.  
A 14 MMSCFD CFZ CDP is being built at the Shute Creek gas treating facility (SCTF) in LaBarge, Wyoming, 
USA.   The SCTF processes over 700 MMSCFD of natural gas which contains 65% CO2 and 5% H2S. The bulk of 
the CO 2 is sold for enhanced oil recovery. A concentrated H2S acid gas stream is reinjected. This is one of the 
largest acid gas injection operations in the world; it s equivalent  sulfur production is 1,300 long tons per day ( LT/D). 
The SCTF was chosen to hos t the commercial demonstration plant because it will allow testing of the CFZ 
technology not only with CO 2 but also H2S.  In addition, its acid gas injection facilities, shown in Figure 5, will 
allow the CFZ unit to demonstrate the ability to pump its bottoms for geosequestration.   The operational objectives 
of the CDP include the demonstration of processing of higher volumes of gas with a wide range of CO2 and H 2S 
content under a variety of operating conditions. This data will establish scale-up parameters  and will generate 
equipment and mechanical design information for the design and operation of up to billion SCFD -range CFZ  
facilities [12]. 
 
 
 
Figure 5. Acid Gas Injection (AGI) unit and injection well  
 
Technology extensions to be addressed by the commercial demonstration facility include wider pressure and 
composition ranges.  The pilot plant operated at 550 to 600 psia. Areas of commercial interest include facilities that 
would operate in the 350 to 600 psia range. The solidi fication range of CO 2 increases as the pressure decreases and 
the role played by the CFZ section increases correspondingly. On the other hand, moving away from critical 
conditions improves the separation factors , and the separation process is greatly facil itated throughout the entire 
tower, not just the CFZ section. The commercial demonstration facility will have the flexibility to operate 
throughout the full pressure range of interest , and to adjust the number of spray banks that would optimally be 
brought to bear at different pressures.     
The Clear Lake pilot plant successfully demonstrated the ability of the CFZ unit to handle a wide range, 15 to 
65%, of CO2 content in the feed gas .  However, contamination of natural gas with CO2 is often accompanied by the 
presence of H2S.   Regarding solidification of CO2, it is believed that liquid  H2S will inhibit the solidification of CO2 
in a manner similar to that of  liquid hydrocarbons, C 2 – C 4. Thus the presence of H2S should lessen the range of 
conditions that mu st be controlled to confine CO2 solidification to the CFZ section. Qualitatively, this has been 
confirmed in laboratory testing conducted for ExxonMobil.  The commercial demonstration facility is expected to 
confirm this  behaviour as it processes feeds with a range of H 2S content representative of the areas of commercial 
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interest worldwide. Stringent product specifications for H2S, less than 4 ppm, will drive the design of the 
rectification section (reflux rate and number of stages) for sales quality gas.  
The CDP is currently in the procurement and construction phase and will be operational in late 2009.  
6. Summary 
The CFZ™ technology involves a simpler single -step process for the separation of acid gases from methane. It 
imposes no limitation on the amount of CO 2 or H 2S present in the feed gas; thus, it provides for more economical 
processing of very sour gases. Furt her, the acid gas components are discharged as a high pressure liquid stream, 
providing for a more economical reinjection of this stream, be that for geosequestration or for enhanced oil recovery 
purposes.  Its integration with acid gas injection provides an alternative to sulfur plants for H 2S disposal.  
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